N e

b

o UNAVAILABLE _
_REGRISeaRD= _ RM No. L7CO6e

; "r:ﬂNCELLED - -
fv;h:i .Ll 1947 =, z y

B

ey -

é RESEARCH MEMORANDUM

for the

| : . INVESTIGATION OF THE TRIM CHARACTERISTICS
\ 7 0F A -h-SCAIE MODEL OF THE FIEETWINGS
N

' XBTK~1 ATRPLANE OVER A WIDE RANGE OF

%:\, .| ANGIES OF ATTACK

\% " “Bureau of Aeronau-bics , Navy Departmer_lt o

g S
\ . LoD '*By -
"IN
. A Ra.lph W S-bone, Jr, and Theod.ore Beman
l Qg Langley Memorial Aeronautical Leboratory
.":L i . Langley Field, Va.
w . cumm_)mcumﬂ' -

- meemwsmssss N ACA LIBRARY
R .~ DS M3l anl M. Ra traosmisalon or the F - SN ATPTY AT
~ — : fatelston ot mgmﬁmm LANGLEY MEMQ¥IAL AER@NAUTICAL
v Semuie ,,,,;gm-m g v o LABOKAT¥RY :
]W sarvices of the [nited States, 1Fpropriude - . -let‘e)’ led, Va.

have =
- - thireda, Idh“n.lﬂdm citizens of kiwn
Mﬂ.ty duurmwb of pocasslly must by

NATIONAL ADVISORY COMMITTEE
- -FOR AERONAUTICS

WASHINGTON ;
MAR 5 19&7 |
o  ONAVAIL&BLE

EE’I‘BIC TED:::!



I wuwmum"mmmmrﬁmmmﬂa | ONAVALAm

NA’I‘IONAI. AIDVISOBI COLMTTEE FOR AERONAUTICS

R T S
: Tt D wr | — ]

_ for the _

. Burea.u of Aeronautios s Na.vy Department

e

. TIWESTIGATION oF ‘THE TRIN CHARACTEBISTICS
0}3' A -?@-scm MODEL, OF THE FIEEE\TINGS
IBTK—lAIRPLANEOVE'RAWIDEBANGEOF _ g
e TS ogmoTES OF ADTACK i . Lo
- By Balph W. Stone, Jr. and Théod&re Bema.n '

R S R =" TLo L e e

Tests of a —J--sca.lé mod.el of 'bhe Fleetwings IBTE~) airplane

heve been performed. in the Langley 15-foot free—splming tunnel

to determine the trim tendencies -o0f the airplane at attitudes

above the stell., The results of the tests Indicated that the

model would trim longitudinally ‘only in the normal range of angles
of atteck and that the yew trim tendencies for such longitudinal
trim conditions were normal. - Although wide oscillations in yew
were noted for some conditions s they ccourred at angles of atiack
larger than those indicated as possible for longitudinal trim and
spin equilibrium. - I% appbers; therefore, that the oscillatory motions
reported for the a.irple.ne may have been the direot result of control
movements rather then the result of Inherent oscillatory tendenciles,

- INTROIUUCTION

During the s'ball teats of a Fleetwlngs ¥BTK-1 sirplane in
June 1946, performed by company pilots, some abnormal and highly
undesirable airplane motlions were obtained. The motions occurred
aftar the pilot hed attempted a stall: the alrplane rolled
ebruptly to the left ard then, remsining in a stelled attitude,
oscillated in roll and yaw to the right and lefts The airplane
d4id not go into & spin but contimued oscillating in roll and
yaw despite the pillot?a attermpt to stop the motion. Moving the
stlok forward sppeared to flatten the attitude of the alrplane
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whereas moving. the stiok back appeared to steepen the attitude.
This ocourred several times when the pilot attempted to pitch the
airplane from ite stalled attitude. A spin—recovery parachute

was eventuelly used to demp the oscillations and pitoh the sirplane
from its stelled atti’c.uﬁ.e. o .

This unusual osclllatory behavior was not expla.ined by the
results of previous wind-tunnel investiga:pionso Frec—spinning

tunnel teats Of‘&_-a%-scale model (réforence 1) had indicated that
the airplane should spin rather steeply and steadily and should
recover from the sprin gquite rapidly when the controls were reversed.
Tests of & powsred model in the Langley T- by 10-foot tunnel
(references 2 arnd 3) had indlcated no unusual charecteristics

and, in faoct, had indicated . a quite high degree of lomgitudinel

end directicnal stability. In an attempt to determine the cauvae

of the unusual ostlllations at stalled attitudes, en investigation
has been conducted In the lLangley 15-foot free—spimming tunnel

with the —23-'5~soale model of reference 1 so mounted as to have freedom

first in yaw dahd then in piteh., The alrplane propeller was not
sinmla‘bed.a The regulte are presented. herein.

B T L i TP PR s B N - T T I

”Zﬁm@i§;4

o local wing'or'horizontai ta.il c]:Lord., fee‘h

'ﬂjéi_" rudder dsflection (positive when trailing edse 18’ “to the
' left) s d.sgrees )

C e —— a ame s e——— e

8q elevator deflection’ (positive when trailing ed.ge is d.orwn),

degrees
Bg, aileron d.ei‘lection (positive when trailing edge is down),
. ___ Gegrees . . i vl
o angle of attack of thrust lime (poeitiv‘e when the nose is

1 a‘oove :hhe rela.tive winri) s degrees

'w- ’ angle “of” ya.w (positive When %He rose of the a,ix:pla.ne is
%o the right of the flisht paﬁﬁ}; deereeﬂ L
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The -l--scale model of tho Fleotwings zmzc—:. airnla.ne used.

for the current tests was the seme model theb was nreviously uaed.

in en investigation of the spinning charsacteristics of the alrplane
(refercnce 1). The dimonsionel cheracteristics of the eirplene

sre given in table I. A three~view drawing of the model is presentod
in figure 1. .

For the Investigation of the trim characteristlos in pitch,
the model wes mounted at its center of gravity in such a menner
as to be fres to plitch sbout the stebility Y-exls and fixed aboub
the other two exes. For tests at different angles of yaw, the
yeaw sngles were set by tilting the riodel mounting breacket &bout
the stabllity Z-axis. At the test alrspeed the model was displaced
fram its normel trimmed positlon and. moved to verious angles of
attack In the stalled reglon by means of strings instelled on the .
nose and tail of the model. The strings were atteched in sich a
manner that when they were released thelr influsnce on the model
wes negligible. When the strings were réleased, observabticons and
motion pictires were made to see if a trimmed condition existed .
gbove the stall. Phobographs of the model mounted in the 15-foot
free-spinning tunnel free to pitch are shown In "igure 2. )
. To investlgate the trim characteristics in ya:w, the model
was molintdd free to yew sbout the sta'bility Z~gxis and fixed
about the X and Y axes. In these testa a ranpe of angles of
attack from wnstalled fo_ stalled attitudss were Investigated by.
rotating the model a'bou‘b the sta‘bility Y-a:x:is to verioung fixed
settings. Observations were made and motion picbures were teken
of the model motion end trim position when sst at a given angle
of attack for various con'brol settings. e -
The stebllity exes, as used herein, are defined’ as an
orthogonal system of exes in which the Z~axis iIs in the plsane
of Bymetry and perpendlculear to the relative. wind, the X-axls
i1s In the plane of symmetry and perpendiculer to the Z-axis, and
the Y-a:r.is is perpend.icular to the plane of Bymetry. -

__,.____-_—_‘ sy PBECISION

The model teet results “preéented. are 'pelieved. to . be’ accura’ce-
within the following limite: _ _ R —

e
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The controls were eet wﬁ:h an acouracy of il°

‘I'.'E‘ST CONDITIONS

B e —

_~ - e e m——— - =

The center=of~gravity location of the modsl was at 27. 8 percent
of the meen serodynemic chord, approximetely the seme as the '
center-of-gravity location of the airplene when it encountered.
the eforementioned d.iffigulties. _ LT _

The yaw trim tests were ma.de at angles of ettack’ ranging
fram 0° to 54°. For the pitch trim tests, the model wea set et
a yaw angle of 0° and also at plus and minus yew angles epproxi=
metely equal to the e:x:treme values of yaw o‘btained. from the yaw~
free teste-- o - R ;

- Tests were made wlth the controle met from Toro o the
follcwing maximwz valuee poseible on the e.i:_plane

e £5 up, 15 down
s e v s A5 up, 15 down

Rudder, degrees « . . &
Elevator; degrees . .+ .
Ailerms'., d.esrees . & e

-
L]
.

- - -
- » . w-
e e el
e e e
‘e e a
‘e 8 e
* 2w
" -I-:'

The modsl was aleo tested with both allerons 5° up ‘because
flight tests indicated that in stelled attitudes both ellerons
tonded to float up when the stick wes neutrel laterelly. This
floa.ting tendency was ceused by the fact that the aflerons were
actuated through a spring-teb system with no direct tie betweenn _
them. Tests with elevator deflectione of 35° up and 20° down
were also ma.de )

For a.ll teste reported heroin the la.nding flaps were neutrel,
the landing gear was retracted, the dive brekes were closea., the
cockpit wes closed, and all external stores were removed fram the
wings. This model configuration simulates that of the alrplane
gt the time trouble weas encomtered.-

Subsequent to the tims of The tests reported in reference 1,
fixed slote were instelled on the XBTK-1 airplane. These slota,
however, were sealed et the time the reported difficulties were
encounttered and, therefore, slots were not simﬂ.ated. on the

23(3 scele model for the cwrrent tests. S
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" The teats wore mhde at & dymemic pressuré of 2.59 pounds per
square foot. The test Reynolds number was ebout 117,500 based on

the meen eerodynenmic chord of the wing. The turbulence factor of
the tummel is 1.78. : ) e . -

" Yaw-Free Tests

in teble II. The trim angle of sldesllp wes, in general; propor=
tionzl to the rudder deflectlen abt small engles of atback. The
effectivensss of the rudder in producing sideslin, however,
decreased greastly as the engle of attack -increased, whereas the
effect of alleran setting became more pronounced. Oscillatlons
werg observed in some cages at small angles of attack but the
megnitude of these oscillatlons were not large, belng of the
order of i2°. At the largest engle of attack tested, however, -
(54°) rather large yewlng oscilletioms (%20°) occurred for slmost
all control settings. Photographe of the modsl oscillating ere
shown in figure 3. Lo LT -

. . Pitch=Free Tests

The results of tests with the model free to pitch are shown
in table ITIT. The model trimmed only at angles of attack within
the normel renge for &ll configurations tested. The veriation of
engle of trim with elevabtor deflection was normel: "The maximum
positive value of angle of attack was 16° cbbained with 35° up
elevator (10° greater then the meximum specified for the airplane).
In all cases when the model was digplaced fram the trimmed position
to same lerge engle of sttack, a strong restoring mament brought
the model back to the original poslition of trim with a highly
demped oscillation. .

- DISCUSSION

Scme of the data fram tebles IT and FIT have béen compared
grephicelly with date from references 2 and 3 in figuwres 4 and 5.
These figures indicate that, for either of the two test methods
(that of the current tests snd that of the tests iresented in
refersncées 2 and 3), the &ngle of abtack Por trim does not becoms
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large enough to encourtter the yewing osciuations obtained in the
yew-froe tests at B4° engle of atteck. It 1s Interesting to note
from these figures that the effectiveness of the rudder end
elevator in préducing yaw end pitch frim deor eases with model
scéle and Reynolds nurber, smaller angles of trim being cbtained
in the current tes’os.

The tegt results indicate no unusual tendencies in the longi=~
tudinal trim characteristics of this model, the model having
trimmed only in the normal range of angles of attack expected
for an airplane of conventicnel desi Insofar as these results
and the resulte of model epin tests i‘leference 1)} indicate trim
and spin equilibrium angles of atback well below those for which
- large yawing oscilletions occciurred in thé yaw=Ireo tests, it
appeears  that no such oscillations as those that were obbained
on the airplane would have occuired on the model in its normal
range of longitudinel trim wunless such oséillatlons were imposed
by control movcments. - It appea:cs, therefore, that the motions
reported for the ailrplane mey have been the direct result of
control movements rather than the result of inherent oscillatary
tendencles. .It appeare fram the free- spinniﬁg tumnel tests of
reference 1 that the asirplene might be very sensltive to rudder
control when-In spinning or stalled attitudes and.that care should
be exercised when moving the rudder in such attitudes to avold
Immediately entering a spin in the direction to which the rudder
is moved. The undegirable motion encountered during the initial
stell tests of the airplane msy have been partlelly dve to this
sensitivity to rudder comtrol, and, baced on teble II, partially
due to sensitivity to aileron control. ' _ _

Subseq_uen‘b to the model tests reported. he.cein and to the
eirplane stall tests during which difficulty wes encountered,
edditionsl stell and spin tests have been nerformed with the
peme alrplane. For these tests the slots, previously sealed were
operative. -No dlfficulties were encountered during these tests,
recovery from the spins and stalls being reedily obtained.

- CONCLUDING REMARKS

The model test results obtained in the 15~foot free-spinning
tummel on & -;--scale model of the Fleetwinga XBRTK~1 airplane

indicated that 1a:cga yawing oscillations are o'btad.na.ble Bt high
engles of atbtack but such oscillations probably would not ocowr
on the alrplane in flight 'be_p_a_g:,s_e ag ind._i:c_a;b_ed._ by pitch trim
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tests the alrplane could not be trimmed to the angle pf abtteck
required. It appears, therefore, that the oscillatory motions
reported for the elrplene may have been the direct result of
control movements yather than the result of inherent oscilletory
tendenciles.

Langley Memoriel Acronauticel Laboratory
National Advisory Coammittee for Aeronautics .
Langloy Field, Va.
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1. Wood, Jchn H., and Wilkes, L. Faye.' Free-Sp*rﬁiﬁg Turmel
Tegts of a 210 ~Scale Model of the Flestwings xsm-l -

A:lrplane ~TED No. NACA 2350. NACA MR No. L5I,12,
Bur. Aero. - 19k6. - -

2. Veil, Joseph, and Boykin, Rebecca I.. Tﬁnd.-"‘mmsl Tests of
'bhs 0.15-Scale Powered Model of the Flestwlngs XBTK-1
Airplane. I - Lopngitudinal Stebility and Control =
TED No. NACA 2332. NACA MR No. 15p2Ta, Burs. Aero., 1945.

3. Boodson, Kemneth W., and Silvers » H. Norment tind-Tunnel
-Tesbs of the O. 15-Scale Powered Model of the Fleetwings
XBTK=-1l Airplane. IIT - Iaterel Stebility and Control =
TED No. NACA 2332. WACA MR No. T I5F20, Bur. Asro., 1911-5
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TABIE T
T . .
DIMENSIONAT. CHARACTFRISTICS OF THE
| FIEETWINGS XBTK~1 AIRPLANE = -

Lengbhoveran,ft..'...-.....u...
Propeller d.i&meter FE s o ¢ ¢ 5 5 s s o a2 s &
Propeller, mimber of'blaﬁes- R

Wing: '
Span; £5 . .

c'-ol‘
-
X,
+ 0

. o s & * & & ‘s . L] *» & ¢ @ ] ) a o . [ ] ll-Bl 67
Area’ Sq_ f'b « @« s & ®w * 3 5 2 s r &4 B & ¥ * & & v _l 380'00
SectiOn; rook . LI I N "+ s a2 8 s ® e« » + » NACA 2’-}16
SOO'bion, tip L] 1] ¢+ v . s = s . » « ® ¢ 3 « & [ IIA.CA !-l-m
Incldence: _
ROO'E, d.eg [ : . @ ¢ & . > & -c . t - & @ i. e ¥ s = 8 [] 12000
DihBﬁI‘&l ‘breali’ deg « s+ 4 v & ‘I s 8 & & ¢ ® & 8 a 3 ¥ & 2- 00
Tip’ d.eg L R O A T T L T R TN S I I O 2 I I R (3, 25
ABPOO'b Tratio « ¢ ¢ 5 ¢ s ¢ 5 2 s & 2 s # [ e o o s 6-2

Dihedral: T _ :
Cemer Sec'bibn ﬁ.eg * 3 8 % & & 8 ¢ 8 B B ¢ & & & e 0
Outer Pa:ﬂels’ "o F e h e s a sy 8015I

Mean asrodynamic chord., in. s s 2 6 8 s e e s s« o« 98.0k

Leading edge of mesn aerodynamic chord reerwwd.

‘oflead.ingedgeofving,in............'. 5.98

Atleronss -

Totdarea,ﬂq_ft ?.-.'-.'-.--..-- --10338100

Hingeline‘boT-E.,perceﬁbofchord T« s s 8 & 8 ¢ s s o« » 20
Spm,'PercemOfmm'l'oo1-000.'..---.n- 53

Lending fleps: | _ :
Totalarea.,sq_f'b;.....-....._.-g....._..h2

SPBJJ.’ Percer‘.’b 'ﬂ'ing Bp&l ¢« 5 4 & s & & @ 8 &S € % 1 » * s & 1}2
Horizontal tall surfaces: ) o

Totel are&, s8q TEL ¢ o o ¢ ¢ 6 2 ¢ 4 o 8 0 ¢ 8 56 6 8 % 2 » 80 Q0

Span,ft *« & 8 5 * 8 & & & ¥ v 8 ¥ 8 & & @ ,o & ¢ ¢ o v @ 1850

- Elsveboxr area, 84 i+ S LI I B 26 96

- Distance from normel center of gravity to the
eleva'borhingeline,f'b.-.-..........--21.90

Vertical taill surfaces:
Totel arce, 8¢ £ « « » + .« & . .

Totel rudder area, sqg £t « .+ » . o

Dorgel fin area; sq¢ £t « + « & .o
Distance from normel center of gravity to rudder
_hingeline’ft l:c.c.u g_l . . ] ] L [ ] I_‘_-_O [ ] - . * -23.60

NATIONAL ADVISORY
COMMITTEE FCR AERONAUTICS

: 14.48
. s o« oo 12,25

L ] * -
* & @
LI

TR 51.25.
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TABLE II

YAW TRIM TESTS OF A §15—scm MODEL OF THE FLEETUINGS XBTK-1 AIRPLANE
l— Center of gravity 27.8 percent &, flaps neul:rai; cockplt closed;
" externel stores removed; model free to yew dbout stability

Z-axis]
A Sp Be 5, Trim W 1
(deg) {deg) (deg) {adeg) - (deg)
o} _ 0 0 o} 6
10 o] o] -8
20 o o} -10
30 o} o} ~-10
30 15 0 ~10
30 -25 0 -9
30 -25 150 -9
30 -25 5 -9
v 30 -25 . Both 5 up -9
10 o 0 0 1
10 0 0 -5
20 0 o} -9
30 o] ¢} -6
30 15 .0 -6
30 -25 o) -6
30 -25 151, -3
\, 30 -25 +15R -10
20 o o 0 2
10 o} o] i
i 20 o 0 - -1 I
30 0 .0 -2
30 15 0 1 to =<1
30 -25 "0
30 -25 *15L 0 %05
30 4 =25 Ti5R -3
W
20 0 o 0 2
10 o} o 1
20 0 ) -1
30 0 o} -1
30 15 0 O
30 -25 e o)
30 -25 1155 4
30 -25 +15R -l
\V4
I stick left. WATTONAT, AIVISCORY

R stick right. COMMITTEE FOR AERONAUTICS
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TABLE IT - Concluded

YAYW TRIM TESTS OF A %—SCM,E MODEL: ~ Conecluded

E}enter of gca.irity 27.8 percent &, flaps neutralj cockplt c.‘uoséd.;
externel stores removed; model free to yaw dbout stebility

Z-a:x:is]

@ Sy Sg Bg, Trim ¥
(deg) (deg) (asg) |  (aes) (Geg)
4o 0 o) 0 3

10 0 0 2
20 o o 1
30 0 0 2
30 15 o} 2

_ 30 =25 B, ¥ta 2

- 30 -25 i 5519 T
N 30 =25 R -6
54 o} 0 0 20 to -18

10 0 o 17 to =12
20 0 0 19 to -17
30 0 o} 17 to =20
=30 "0 o 16 o -11
=20 0 0 20 to -16
-10 o} o} 19 to -15
30 15 ¢} =11 o =21
30 -25 "0 18 to =22
30 =25 i 1517 21 to =12
30 -25 +15R 0 to 5
30 -25 Both 5 up 20 to -20
30 o 151 - 23 to -24
30 0 #15R 23 to ~21
o} 0 £151, 19 to -6
\j, , 0 0 +15R .13 to -19
I stick left.
R stick right.

NATTONAL ADVISORY
.COMMITTEE FOR AERONAUTICS
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PITCH TRIM TESTS (F A -é-b"SCM.E MODEL OF THE FLECTR/INGS XBIK-1l AIRFPLANE

[Center of gravity 27.8 percent T; flaps neutral; cockpit closed;
externel stores removed; model free to pitch about stability

TABLE IIX

Y-axis]
6e ar aa Trim o
(dgs) (deg) (deg) (dsg) (deg)
o}
20 o} 0 ~13
15 0 0 -12
0 o} 0 -k
-10 0 0 2
23 0 0 .13
=35 o] 0 13
0 o) g 53 ~8
o] 0 T15R -8
0 0 Both 5 up -5
0 10 0 -8
0 20 o ~7
o 30 0 -8
0] -30 s} -
W 3 T
T
20 o 0 -21
15 o} 0 -21
0 0 0 -1k
-10 o O —5.-
-25 0 0 9
=35 0 0 111
=25 30 0 11
-25 -30 0 11
¢ 0 155 -16
0 0 t15R -13
% o o} Both 5 up =1L
-18 20 o} o} -16
15 0] 0 -16
0 0 o] -7
=10 0 0 5
=25 o o} 1k
WV 35 0 0 16

L  sbtick left.
R stick right.

NATIONAL ADVISORY

COMMITTEE FOR AFRONAUTICS
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T Figure 2.~ Photographs of the Zio-scale model of the Fleetwings"

. : XBTK=-1 airplane mounted free to pitch in the 15-foot free-
. spinning tunnel.

NATIORAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA.
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NACA RM No. L7C06a S Fig. 3

Figure 3.- Typical motion of the %-scale- model of the XBTK-1

airplane when mounted free to yaw at a = 54°, Camera speed
32 frames per second.

NATIONAL ADVISGRY COMMITTEE FOR AERONAUTICS
LANGLEY WEMORIAL AERQNAUTICAL LABORATORY ~ LANGLEY FIFIN va
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